Ectopic ACTH secretion from breast cancer is extremely rare. We report a case of a 30-year-old woman with a history of breast cancer, who presented with psychosis and paranoid behaviour. CT of the head showed white matter disease consistent with posterior reversible encephalopathy syndrome (PRES). Despite using mifepristone with multiple antihypertensives including lisinopril, spironolactone and metoprolol, she was hypertensive. Transaminitis did not allow mifepristone dose escalation and ketoconazole utilization. Etomidate infusion at a non-sedating dose in the intensive care unit controlled her hypertension and cortisol levels. She was transitioned to metyrapone and spironolactone. She was discharged from the hospital on metyrapone with spironolactone and underwent chemotherapy. She died 9 months later after she rapidly redeveloped Cushing's syndrome and had progressive metastatic breast cancer involving multiple bones, liver and lungs causing respiratory failure.
Background
Ectopic adrenocorticotrophic hormone (ACTH) production causing Cushing's syndrome is most often associated with small cell carcinoma of the lung, but less common aetiologies include non-small cell lung carcinoma, carcinoids, pancreatic tumours, medullary thyroid carcinoma and pheochromocytoma (1) . Breast cancer is a very rare cause of ectopic ACTH syndrome (2) (3). Psychiatric manifestations from ectopic ACTH syndrome are seen in about half the cases (1) . Our patient is a rare case of posterior reversible encephalopathy syndrome (PRES) with ectopic ACTH-associated Cushing's syndrome from breast cancer. Etomidate infusion, which inhibits 11-b-hydroxylase, at non-sedating doses in a monitored setting and oral metyrapone subsequently was successful for the reduction of hypercortisolism. Spironolactone was used to block the mineralocorticoid action of excessive cortisol and deoxycortisol resulting from etomidate inhibition of cortisol synthesis. This was a novel and unique strategy to successfully control the blood pressure and reduce cortisol levels needed for PRES management resulting in the patient's psychosis resolution.
Case presentation
A 31-year-old female with triple negative, high grade invasive right breast ductal carcinoma treated with chemotherapy, bilateral mastectomy and radiation presented with acute psychosis. She had T2N1M0 infiltrating ductal breast carcinoma treated neoadjuvantly with four cycles of doxorubicin and cyclophosphamide followed by four cycles of paclitaxel followed by bilateral mastectomies and radiation therapy. On presentation she had not slept for 4 days and was hyperenergetic, easily distracted, impulsive with racing thoughts and pressured speech and paranoid that her husband was trying to hurt her. On exam she had a round, ruddy, hirsuite face with acne and her blood pressure was 156/108.
Investigation
Laboratory studies showed potassium 1.7 mEq/l (normal range 3.7-5.2 mEq/l), random cortisol O70 mcg/dl (normal range 6-23 mcg/dl) and 1 and 8 mg overnight dexamethasone tests showed cortisol O100 mcg/dl (normal range !1.8 mcg/dl). She had elevations in AST to 103 IU/l (normal range 10-34 IU/l), ALT 237 IU/l (normal range 8-37 IU/l), ACTH 1173 pg/ml (normal range 9-52 pg/ml), total testosterone 170 ng/dl (normal range 15-70 ng/dl in women), DHEA-S 499 mcg/dl (normal range 45-270 mcg/dl), 17 OH progesterone 1780 ng/dl (normal range !200 ng/dl) and 24-h urine cortisol (UFC) 14766 mcg/day (normal range 10-100 mcg/ 24 h). A computed tomography (CT) of the abdomen showed extensive hepatic metastatic disease and bilateral adrenal hyperplasia. Renin, aldosterone, plasma metanephrines, chromagranin A, corticotropin-releasing hormone and gastrin levels were normal. Imaging was negative for thyroid nodule, thymic neoplasm and bronchial carcinoid. Core liver biopsy revealed metastatic breast adenocarcinoma that was negative for neuroendocrine markers CD56, synaptophysin, neuron specific enolase, chromogranin and ACTH. A CT of the head showed white matter disease consistent with PRES ( Fig. 1) .
Treatment
She was hypertensive and psychotic despite using mifepristone with multiple antihypertensives including lisinopril, aldactone and metoprolol, targeting a systolic blood pressure of 110-130. Transaminitis did not allow mifepristone dose increase above 600 mg/day and utilization of ketoconazole. Etomidate infusion at 0.1 mg/kg per min in intensive care unit (ICU) controlled her hypertension and cortisol levels to 20-30 mcg/dl. UFC decreased to 820 mcg/day. She was transitioned to metyrapone 1250 mg per mouth (p.o.) every 6 h and spironolactone 100 mg p.o. every 6 h. Repeat CT scans showed resolution of white matter disease following blood pressure control (Fig. 2 ).
Outcome and follow-up
Post-hospitalization, monthly random cortisol ranged between 7.5 and 15.5 mcg/dl for 8 months. Since the patient's re-biopsy was 10% ER positive, the patient was started on tamoxifen and completed nine cycles of gemcitabine/carboplatin. Her lower cortisol levels allowed de-escalation of the metyrapone dose to 500 mg p.o. every 6 h and provided useful biochemical evidence of chemotherapeutic success of her breast cancer management. There was improvement in her liver metastases on repeat CT scans. Her metastatic bone lesions were treated with denosumab. She died after 9 months from the time of her initial presentation with ectopic ACTH Cushing's syndrome despite chemotherapy after developing new progressive metastatic lung, bone and liver lesions associated with worsening liver functions, Cushing's recurrence and rapid respiratory failure.
Discussion
Paraneoplastic syndromes could have varied presentation including, for example, endocrine hypercalcemia, syndrome of inappropriate anti diuretic hormone (SIADH), peripheral neuropathy, Eaton-Lambert syndrome and dermatomyositis-polymyositis. Mild hypercortisolism in 
malignancy characterized by loss of circadian rhythm is associated with poor prognosis and can be mediated through interleukin-6 and interleukin-10 independent of ACTH levels (2). Cushing's syndrome resulting usually from ectopic ACTH secretion and rarely from ectopic CRH has been described in literature (3). Cushing's syndrome presentation is associated with a huge underlying tumour burden, inadequate chemotherapy response and increased susceptibility to infections from immunosuppression and has very diverse clinical manifestations characterized by symptoms of proximal muscle weakness, acne, altered mental status, hyperpigmentation, hirsuitism, hypertension along with biochemical alteration of hyperglycemia, hypokalemia, alkalosis, high testosterone and DHEA-S levels (4). The patient's work up was negative for more likely causes including neuroendocrine tumour, medullary thyroid cancer, pituitary and adrenal tumours, thymic masses and pheochromocytoma. Among the very few cases of breast cancer causing ectopic Cushing's syndrome-described ACTH staining, mRNA demonstration by real-time PCR and in situ hybridization technique have been used (3) (5). In breast cancer, neuroendocrine differentiated carcinoma with ectopic ACTH secretion and breast carcinoma with neuroendocrine differentiation has been described (6) . The lack of ACTH staining of the tumour in our case could be explained by the possibility that the subpopulation of ACTH-producing cells may have not be biopsied (7). However, the Strategy to manage patient's psychosis and PRES. with PRES characterized by hypertensive encephalopathy. PRES is associated with radiologic findings of symmetrical, bilateral grey and white matter abnormalities in the posterior cerebrum typically involving the temporal, parietal and occipital regions. The symptoms include headaches, decreased alertness, confusion, speech or vision abnormalities, seizures and vomiting. PRES has been associated with hypertensive encephalopathy, eclampsia, immunosuppressive therapy, systemic lupus erythromatosis, Henoch-Schonlein purpura, transplant patients and HIV (8) (9) (10). PRES associated with Cushing's syndrome has been previously reported in children. Two were related to high dose methylprednisolone and one was from micronodular adrenocortical disease that was treated with hydrochlorothiazide and propranolol (11) (12) (13). To our knowledge, this is the first case of adult PRES associated with hypertension from ectopic ACTH causing Cushing's syndrome. Timely diagnosis and prompt intervention for PRES with blood pressure reduction is needed to avoid permanent brain damage. Hypercortisolism-induced hypertension is related to cortisol effects on vasculature, as well as mineralocorticoid, excess (14) . Despite having overall weak mineralocorticoid action, cortisol is usually inactivated by the kidneys through the 11-b-hydroxysteroid dehydrogenase by converting cortisol to inactive cortisone, which protects renal mineralocorticoid receptors from minimizing its hypertensive effects (15) . However, with hypercortisolism, the renal deactivation system is overwhelmed causing hypertension. Psychosis most likely resulted from hypercortisolism and uncontrolled hypertension leading to PRES. Our dilemma was that mifepristone, which blocks cortisol action, could not be escalated due to liver dysfunction, and antihypertensives including lisinopril, aldactone and metoprolol were not controlling the blood pressure (Fig. 3) .
A strategy of cortisol reduction and mitigation of hypertension caused by excess cortisol production was needed (16) (17) (18) . Initiation of i.v. etomidate in the intensive care unit followed by a transition to oral metyrapone to block 11-b-hydroxylation of deoxycortisol to produce cortisol and simultaneous oral spironolactone use to antagonize the mineralocorticoid action of deoxycortisol and cortisol successfully controlled her hypertension and prevented recurrence of her psychosis (Fig. 4) . To the best of our knowledge, this is also the first case of a successful treatment of PRES associated with Cushing's using etomidate followed by metyrapone transition with oral spironolactone (Table 1) .
Though our patient subsequently died, our intervention of treating her psychosis facilitated re-initiation of chemotherapy and extended her life for nine more months. We would like to acknowledge the team efforts by the ICU nurses and physicians, pharmacy, haematologist-oncologists, neurologists, psychiatrists, hospital medicine team and social workers at Lehigh valley Hospital Muhlenberg.
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